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OBJECTIVE

To investigate associations between intakes of total fish, lean fish, fatty fish, and
long-chain n-3 polyunsaturated fatty acid (LCn-3PUFA) supplements and risk of
type 2 diabetes in women after pregnancy. Furthermore, we sought to compare
the estimated intakes of methylmercury (MeHg) and sum of dioxins and dioxin-
like polychlorinated biphenyls (dl-PCBs) with tolerable weekly intakes (TWI).

RESEARCH DESIGN AND METHODS

Women free of diabetes at baseline (n5 60,831) who participated in the popula-
tion-based Norwegian Mother, Father and Child Cohort Study (MoBa) were pro-
spectively evaluated for incident type 2 diabetes, identified on the basis of
medication usage >90 days after delivery, ascertained through the Norwegian
Prescription Database. Dietary intake data were obtained with a validated 255-
item food-frequency questionnaire (FFQ), which assessed habitual diet during
the first 4–5 months of pregnancy. Intakes of MeHg and sum of dioxins and
dl-PCBs were derived with use of a contaminant database and the FFQ.

RESULTS

Median age was 31 years (interquartile range 27, 34) at time of delivery, and follow-
up time was 7.5 years (6.5, 8.5). Type 2 diabetes occurred in 683 (1.1%) participants.
Multivariable Cox regression analyses identified lower risk of type 2 diabetes with
increasing energy-adjusted lean fish intake (25 g/1,000 kcal: hazard ratio 0.71, 95% CI
0.53–0.95, P = 0.022). However, in stratified analyses, a lower risk was found only in
women with prepregnancy BMI ‡25 kg/m2. There were no associations between
intake of total fish, fatty fish, or LCn-3PUFA supplements and type 2 diabetes. MeHg
intake was low, but the intake of the sum of dioxins and dl-PCBs (picograms of toxic
equivalents/kilograms of body weight/week) exceeded the TWI set by the European
Food Safety Authority (EFSA) for the majority of participants.

CONCLUSIONS

Intake of lean fish, but not fatty fish or LCn-3PUFA supplements, was associated
with lower risk of pharmacologically treated type 2 diabetes in Norwegian
women who were overweight or obese. Fatty fish, which contain dioxins and dl-
PCBs, did not increase the risk of type 2 diabetes, but the exceedance of the EFSA
TWI for dioxins and dl-PCBs is a health concern.
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The global burden of type 2 diabetes has
increased in recent decades, and the
number of disability-adjusted life-years
associated with diabetes reached 24 mil-
lion in 2017 (1). Overweight, obesity, and
unhealthy diets are well-established risk
factors that together with physical activity
may be addressed through preventive
measures (2).

On the basis of data from the Global
Burden of Diseases, Injuries, and Risk Fac-
tors Study 2016 (GBD 2016) and the EAT-
Lancet Commission, increases in fish
intake are recommended (2,3). While fish
and shellfish are excellent sources of
long-chain n-3 polyunsaturated fatty acids
(LCn-3PUFA), high-quality protein, and
numerous vitamins and minerals, these
food items are also major sources of envi-
ronmental contaminants. Lean fish is a
predominant source of dietary exposure
to methylmercury (MeHg), while fatty
fish contain lipophilic persistent organic
pollutants (POPs), such as dioxins and
dioxin-like polychlorinated biphenyls (dl-
PCBs). Concerns related to contaminant
exposures and risk of type 2 diabetes
have been raised due to observed associ-
ations between both MeHg exposure
(4,5) and POP exposure (6) and type 2 dia-
betes. Depending on the context of fish
consumption, high-frequency fish consum-
ers may approach or exceed the tolerable
weekly intake (TWI) for MeHg of 1.3 mg/
kg body wt/week (7) or for the sum of
dioxins and dl-PCBs, which was recently
reduced from 14 to 2 pg toxic equivalents
(TEQ)/kg body wt/week by the European
Food Safety Authority (EFSA) (8).

More knowledge regarding potential
associations between fish intake and
type 2 diabetes risk is needed. Inconsis-
tent results have been noted in longitu-
dinal studies with evaluation of fish
intake and risk of type 2 diabetes (9–13)
and also within Europe where average
intake varies greatly (14,15). Beneficial
or detrimental associations between
fish intake and type 2 diabetes may be
more likely to be observed in popula-
tions with a high intake, such as in Nor-
way. Further, type 2 diabetes is affecting
an increasing number of young adults,
but prospective studies evaluating young
adult populations are lacking. Therefore,
our main aim was to evaluate the associ-
ations between total fish, lean fish, fatty
fish, and LCn-3PUFA supplements intake
and risk of incident type 2 diabetes in a
Norwegian cohort of women of

childbearing age with a relatively high
intake of fish. A second aim was to com-
pare estimated intakes of MeHg and the
sum of dioxins and dl-PCBs in the current
study population to established tolerable
intake values.

RESEARCH DESIGN AND METHODS

Population and Design
Pregnant women were recruited to partic-
ipate in the Norwegian Mother, Father
and Child Cohort Study (MoBa) from 1999
to 2008 by postal invitation prior to their
first scheduled ultrasound at 18 weeks’
gestation. MoBa is a prospective nation-
wide population-based pregnancy cohort
study conducted by the Norwegian Insti-
tute of Public Health. The women con-
sented to participation in 41% of the
pregnancies. The cohort includes 114,500
children, 95,200 mothers, and 75,200
fathers. Follow-up is conducted through
questionnaires and by linkage to national
health registries (16). The establishment of
MoBa and initial data collection were
based on a license from the Norwegian
Data Protection Authority and approval
from the Regional Committee for Medical
Research Ethics and comply with the Nor-
wegian Health Registry Act. The current
research project is an extension of a study
evaluating risk factors for chronic hyper-
tension development within 10 years fol-
lowing delivery (17) and was approved by
all relevant agencies and the Regional
Committee for Medical Research Ethics
(Region West 2013/740) with amend-
ments (14.03.2019) for including type 2
diabetes as an outcome measure. This
study is based on version eight of the
quality-assured data files released for
research in 2014.

MoBa was linked to the Medical Birth
Registry of Norway (MBRN) (18), the
Norwegian Prescription Database (NorPD),
and the National Population Register for
information regarding pregnancy-related
risk factors, diabetes medication usage,
and deaths and migrations. MBRN is a
compulsory registry containing informa-
tion for all births (>16 weeks’ gestation)
in Norway, and the NorPD contains infor-
mation on all dispensed prescriptions to
noninstitutionalized individuals. Given that
the NorPD was not established until 2004,
only women who delivered between
2004 and 2009 and completed the base-
line MoBa questionnaire and the dietary
questionnaire were eligible for inclusion in

the current study (n 5 62,601 women).
We excluded those with an invalid energy
intake (<1,070 or >4,400 kcal/day) (n 5
1,351) (19), diabetes prior to pregnancy
ascertained with three data sources
(MoBa, MBRN, and NorPD) (n 5 439),
and nonviable births (birth weight <500 g
or missing birth weight at gestational age
<22 weeks) (n5 15). With minor overlap
in exclusions, a total of 60,831 women
remained eligible for the analyses
(Supplementary Fig. 1).

Dietary Intake
Information on dietary intake was obt-
ained with a validated 255-item semi-
quantitative food-frequency questionnaire
(FFQ) at week 22 of pregnancy (20). The
MoBa FFQ was validated in 119 MoBa
participants using a 4-day weighed food
diary, motion sensors as a marker of
energy expenditure, and biological mar-
kers measured in blood and 24-h urine
samples as markers of foods and nut-
rients, including nutrients from dietary
supplements (20,21). The results showed
that the FFQ enables reasonable ranking
of the participants’ diet according to
major food groups and nutrients as well
as nutrient intakes through dietary sup-
plements. The energy-adjusted correlation
for total fish intake by the FFQ and the
food diary was r 5 0.49 (95% CI
0.34–0.62) (20). Total fish intake (and rele-
vant subcategories) also correlated posi-
tively with erythrocyte membrane doco-
sahexaenoic acid and with blood mercury,
selenium, and arsenic concentrations
(22,23).

The FFQ included 16 questions about
fish or shellfish (crustaceans) eaten as
dinner, 10 questions about cold cuts
and spreads from fish or shellfish, and
four questions about cod liver oil, cod
liver oil capsules, or fish oil capsules.
Fish items (g/day) were grouped as lean
fish and fatty fish and included items
consumed as dinner and as cold cuts
and bread spreads. In mixed dishes,
e.g., fish au gratin, only the fish compo-
nent of the meal was considered in esti-
mating fish intake. Lean fish species
(i.e., 0.3–6.0% fat) included cod, saithe,
haddock, pollock, halibut, plaice, floun-
der, tuna, perch, pike, and Atlantic cat-
fish. Fatty fish species (10–24% fat)
included mackerel, herring, salmon, and
trout. In this study, total fish included
lean and fatty fish (salt and freshwater
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fish, fish-based spread), liver, roe, and
shellfish.
Other nutrient variables were also

obtained from the FFQ and included total
energy intake (kilocalories per day), fiber,
total protein, total carbohydrate, and total
fat, saturated fat, monounsaturated fat,
and polyunsaturated fat modeled as per-
centage of energy (E%) and as continuous
variables (grams per day). FoodCalc and
the Norwegian Food Composition Table
were used for nutrient calculations (20).
LCn-3PUFA intake was separately esti-
mated from food sources and from sup-
plements and was defined as the sum of
eicosapentaenoic acid and docosahexae-
noic acid and presented as grams per day.

Contaminants
We calculated exposure to dioxins and
dl-PCBs (total toxic equivalents [TEQ])
by combining information on food con-
sumption, based on the FFQ, with a
database of concentrations of dioxins
and dl-PCBs in Norwegian food (24).
The database included 284–361 food
analyses covering 37 food items during
the years 2000–2006. The 37 food
groups included eggs, poultry, red
meat/offal, dairy products, and various
species of fish and shellfish, as well as
fish oil and fish liver oil supplements.
Congener concentrations in other foods
were estimated from their lipid content
based on foods of the same origin. For
instance, for all bovine meat the same
standard unit for a contaminant per
gram of meat was multiplied by the
lipid levels for the specific food item
recorded in the Norwegian Food Com-
position Table. With measurements and
estimations, the database of the con-
centrations in 340 foods was estab-
lished. These 340 foods included single
food items as well as foods that are
included in composite meals based on
recipes, such as sauces and stews. For
food items with contaminant analytical
values lower than the limit of detection,
the food concentration was set to zero
(lower bound approach). For each par-
ticipant, the dietary intakes of dioxins
and dl-PCBs were calculated per kilo-
gram of body weight.
The total dietary intake of Hg was cal-

culated with use of Hg values compiled in
a database previously described in detail
(25). As for dioxins and dl-PCBs, food con-
centrations with analytical values below

the level of detection were set to zero.
MeHg is the organic and most toxic form
of mercury. Total fish contributes 88% of
the total Hg among women in MoBa
(26), and we considered Hg from total
fish to reflect MeHg exposure (7). These
databases represent the same time
period as that of the dietary data collec-
tion. Estimated intakes of dioxins and dl-
PCBs and MeHg in this study were com-
pared with the health-based guidance val-
ues, i.e., TWI, established by EFSA (7,8).

Covariates
The baseline prepregnancy covariates
came from the first MoBa questionnaire
administered at 15–17 weeks’ gestation:
daily cigarette smoking, height and weight
for calculating BMI (calculated as weight
in kilograms divided by the square of
height in meters), educational level (pri-
mary, secondary, and any college/univer-
sity), marital status (married/cohabitation
with partner vs. other), and leisure-time
physical activity (<3 vs.$3 times/week).

The MBRN provided information on
maternal age at delivery, parity, health
conditions, and pregnancy-related compli-
cations (gestational diabetes mellitus or
type unspecified, gestational hyperten-
sion/preeclampsia) and whether preg-
nancy was a multiple birth pregnancy.

Gestational diabetes mellitus status
was ascertained through three sources:
MoBa questionnaire, MBRN, and use of
medications noted in the NorPD during
pregnancy.

Outcome
We identified all women initiating diabe-
tes medication use (Anatomical Thera-
peutic Chemical classification code ATC
A10) with a dispensed prescription of at
least 90 days following delivery. This
included both insulin and oral agents but
excluded those only taking insulin regu-
larly through to the end of follow-up. A
total of 711 ATC A10 medication users
were identified, of whom we excluded 28
with long-term and regular use of insulin
and insulin only through to 2013 or at
time of censoring. The majority of medi-
cation users (70%) were missing any
mention of an underlying indication for
treatment diagnostic code.

Statistical Analyses
Descriptive characteristics by total fish
consumption categories are presented as

percentages and as median and inter-
quartile range (IQR) for categorical and
continuous variables, respectively. Tests
for trends in descriptive characteristics
across increasing categories of total fish
intake included logistic and linear regres-
sion for dichotomous and continuous
descriptive variables, respectively.

We energy adjusted all dietary intakes
using the nutrient density method. Cox
proportional hazards analyses evaluated
the association between total fish intake
and development of type 2 diabetes up
to 10 years following delivery (i.e.,
through 31 December 2014). Further,
lean and fatty fish intakes were evaluated
separately in another analysis. All intakes
were evaluated both as continuous varia-
bles (g/1,000 kcal and 25 g/1,000 kcal)
and as ranked quintile categorical varia-
bles. The Norwegian Directorate of Health
recommends a weekly fish intake of
350–400 g (2–3 dinners) for all adults
(27). This equals �55 g/day and corre-
sponds to 25 g/1,000 kcal in our study
population.We used this amount for total
fish as well as for lean and fatty fish,
although the dietary guideline does not
include shellfish and highlights that at
least one-half of the fish consumed
should be fatty fish. In supplementary
analyses, absolute intakes of total fish,
lean fish, and fatty fish were evaluated as
continuous variables (25 g/day) and
divided into the following categories:
never/rarely (<5 g/day), <1 serving/
week (>5–20 g/day), 1–2 servings/week
(>21–40 g/day), 2–3 servings/week
(>40–60 g/day), and $3 servings/
week (>60 g/day). We assumed, as in
previous MoBa publications, a serving
size of 140 g for dinner and of 20–25 g
for bread spreads (28).

Similarly, we evaluated LCn-3PUFA sup-
plement use as grams per day and as
intake level (none, median intake <0.4 g/
day, and median intake $0.4 g/day) in
Cox proportional hazards analyses.

The Cox regression models were
adjusted for potential confounders with
use of three models: 1) adjustment for
energy intake and age; 2) model 1
adjustments plus BMI, gestational dia-
betes mellitus, and gestational hyper-
tension/preeclampsia; and 3) model 2
adjustments plus maternal education,
smoking, and dietary fiber. Dietary fiber
was chosen, a prior, as a proxy of over-
all dietary quality, as it reflects the
intake of vegetables, whole grain, and a
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dietary pattern in line with healthy eating.
Additional adjustments for other food
groups (g/1,000 kcal or g/day) (e.g., vege-
tables, fruits, red meat, pork meat, poul-
try, milk/dairy, eggs, and total added
sugar), civil status, and physical activity
were evaluated one at a time, and then
together with model 3 covariates, but as
their inclusion did not alter the results
(data not shown) they were not included
in the final models presented. We also
explored consistencies in results in analy-
ses stratified by BMI categories (<25 and
$25 kg/m2).

The proportionality assumptions for
the Cox models were evaluated graphi-
cally with log-minus-log plots. The hazard
ratios (HRs) were stable, and the propor-
tion ratios were validated for all models.

The relationship between lean fish
intake and MeHg, fatty fish intake and
polychlorinated biphenyl (PCB)-153, and
fatty fish intake and dioxins and dl-PCBs
were investigated using Spearman rank
order correlation.

There were 1,435 (2.3%), 1,185 (1.9%),
and 303 (0.5%) women with missing base-
line values for prepregnancy BMI, mater-
nal education, and civil status, respectively.
Missing values were imputed with use of
multiple imputation for SPSS. Two-tailed P
values <0.05 were considered statistically
significant. The analyses were performed
with IBM SPSS Statistics for Windows, ver-
sion 26 (IBM Corp., Armonk, NY).

RESULTS

Characteristics and Dietary Intake
Median absolute intake of total fish and
lean and fatty fish was 33.3 g/day (IQR
21.4, 46.9), 18.4 g/day (10.6, 27.2), and
7.5 g/day (3.2, 13.9), respectively (Supp-
lementary Table 1), and the median ener-
gy-adjusted total fish and lean and fatty
fish intake was 14.9 g/1,000 kcal/day
(9.5, 21.4), 8.1 g/1,000 kcal/day (4.6,
12.4), and 3.4 g/1,000 kcal/day (1.4, 6.4).
Participant median age at time of delivery
was 31 years (27, 34) years, prepregnancy
weight 65 kg (59, 74), and prepregnancy
BMI 23.1 kg/m2 (21.1, 26.0) (Table 1),
and 68.1% had a BMI <25 kg/m2.

Energy-adjusted total fish intake quin-
tiles were positively associated with age,
maternal physical activity, and educa-
tional level at prepregnancy and
inversely associated with daily prepreg-
nancy smoking and preeclampsia. Fur-
ther, total fish intake was positively

associated with intake of mutton
and poultry, bread/cereals/pasta, eggs,
vegetables/fruits/nuts, fiber, polyunsatu-
rated fat, and LCn-3PUFA from food and
supplements. In contrast, total fish intake
was inversely associated with meat in
general, carbohydrates, added sugar, sat-
urated fat, and monounsaturated fat
(Table 1) (Ptrend < 0.001). Similar findings
were observed when total fish intake
was evaluated as absolute intake (g/day)
(Supplementary Table 1).

LCn-3PUFA supplement intake levels
were positively associated with intake
of total energy, all energy-adjusted fish
categories (except shellfish), milk/dairy,
bread/cereals/pasta, eggs, vegetables/
fruits/nuts, fiber, and protein but were
inversely associated with meat in gen-
eral (except mutton and poultry), added
sugar, and total fat (Supplementary
Table 2) (Ptrend < 0.001). Similar results
were identified when dietary intake was
evaluated as absolute intake (grams per
day) (Supplementary Table 3).

Fish and LCn-3PUFA Intakes and Risk
of Type 2 Diabetes
Among the 591 participants with gesta-
tional diabetes mellitus (identified with
three data sources), 191 (32%) devel-
oped type 2 diabetes during the follow-
up. During the maximum 10-year and
median follow-up time of 7.5 years (IQR
6.5, 8.5), 683 participants developed
pharmacologically treated type 2 diabe-
tes. In Cox regression analyses, all mod-
els identified a lower risk of type 2
diabetes with increased energy-adjusted
lean fish intake (25 g/1,000 kcal; model
3: HR 0.71, 95% CI 0.53–0.95, P 5
0.022) (Table 2). In contrast, no signifi-
cant associations were observed for
intake of total fish, fatty fish, or LCn-
3PUFA from supplements (Table 2).
Similar associations were observed in
Cox models when fish intake was evalu-
ated as absolute intake (25 g/day)
(Supplementary Table 4).

In Cox regression analyses of quintiles
of energy-adjusted fish intake, a lower
risk of type 2 diabetes was seen for lean
fish intake quintiles two, three, and five
compared with quintile one, with the
strongest association for quintile three
(model 3: HR 0.69, 95% CI 0.55–0.88)
(Fig. 1). Similar findings were observed
for models 1 and 2 or with consideration
of additional covariates, i.e., other food
groups, civil status, and physical activity

(data not shown). For total fish, fatty fish,
and LCn-3PUFA from supplements, no
significant associations were observed
(Fig. 1). Results from the analyses of cate-
gories of absolute fish intake were similar
to those depicted in Fig. 1 (Supplementary
Fig. 2).

Sensitivity Analyses
In analyses stratified by prepregnancy BMI
categories (<25 and $25 kg/m2), a lower
risk of type 2 diabetes was observed with
increased energy-adjusted lean fish intake
(25 g/1,000 kcal) only in the BMI group
$25 kg/m2 (model 3: HR 0.61, 95% CI
0.43–0.86, P5 0.005) (Table 3). No signifi-
cant associations were observed for intake
of total fish, fatty fish, or LCn-3PUFA from
supplements (Table 3). Similar findings
were observed in evaluation of fish as
absolute intake (25 g/day) (Supplementary
Table 5). Also, in evaluation of quintile cat-
egories of energy-adjusted fish intake and
supplement LCn-3PUFA intake, only lean
fish intake was associated with a signifi-
cantly lower risk of type 2 diabetes (Supp-
lementary Fig. 3). Similar findings were
observed with consideration of additional
covariates, i.e., other food groups, civil sta-
tus, and physical activity (data not shown).

Intake of Contaminants
The estimated intakes of contaminants
are shown in Table 1. The median intake
of MeHg, PCB-153, and the sum of diox-
ins and dl-PCBs (total TEQ), was 0.13
mg/kg body wt/week (IQR 0.08, 0.21),
0.74 ng/kg body wt/day (0.49, 1.2), and
3.9 pg TEQ-05/kg body wt/week (2.8,
5.4), respectively. As expected, intake of
lean fish correlated with MeHg (r 5 0.67)
and intake of fatty fish correlated with
PCB-153 (r 5 0.70) and the sum of diox-
ins and dl-PCBs (r 5 0.70). Total sum of
dioxins and dl-PCBs exposure, but not
MeHg, exceeded the TWI established
by EFSA for all quintiles (Supplementary
Fig. 4).

CONCLUSIONS

In this large prospective population-based
cohort study of 60,831 women of child-
bearing age, we found that intake of lean
fish, but not total fish, fatty fish, or LCn-
3PUFA supplements, was associated with
lower risk of pharmacologically treated
type 2 diabetes. In analyses stratified by
prepregnancy BMI, a lower risk of type 2
diabetes was seen with increasing lean
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fish intake only in women with over-
weight or obesity. Although dietary expo-
sure to dioxins and dl-PCBs exceed the
TWI set by EFSA for nearly all participants,
and fatty fish were the main source of
these exposures, no associations between
fatty fish intake and type 2 diabetes were
identified in the current study.

Comparison With Findings From
Other Studies
Our finding that lean fish intake was asso-
ciated with lower risk of type 2 diabetes is
in accordance with findings of an earlier
Norwegian cohort study of 33,740 women
(mean age of 48 years) that a high intake
of lean fish (75–100 g/day) was associated
with lower type 2 diabetes risk (relative
risk 0.67, 95% CI 0.46–0.98) (10). However,
other studies have reported no (9,11,15)
or positive associations between lean fish
intake and type 2 diabetes (12). Discrepan-
cies between our findings and those of
other studies may relate to the high
degree of variation in fish intake (14,15).
For example, an intake of 23 g/day lean
fish was considered high in a Dutch popu-
lation (12) but was lower than the average
intake in the Norwegian cohort described
by Rylander et al. (10). Other explanations
for the discrepancies in the results may for
example be related to differences in defini-
tions of lean and fatty fish, and variations
in lean fish preparation (13,29). Despite
the relatively high intake levels of lean fish
in the current cohort, the EFSA TWI for
MeHg was not exceeded.

Using stratified analyses, we assessed
the potential effect modification by BMI,
and our results indicated that women
with BMI $25 kg/m2 had lower risk for
type 2 diabetes with increased lean fish
intake, whereas no significant associations
were found for those with BMI <25 kg/
m2. Overweight and obesity are well-
known risk factors for type 2 diabetes,
and in an ecological study of 41 countries
in five continents with different sociode-
mographic characteristics investigators
found that in countries with low fish con-
sumption, the prevalence of type 2 diabe-
tes increased significantly with obesity,
whereas high fish consumption was asso-
ciated with reduced type 2 diabetes risk
in countries with high prevalence of obe-
sity (30).

Potential Mechanisms
The mechanisms by which lean fish may
protect against development of type 2

diabetes are not yet elucidated, but cer-
tain nutrients present in lean fish (31),
such as taurine, have been reported to
attenuate development of metabolic syn-
drome and type 2 diabetes in humans
(32). Our results are in line with the find-
ing that intake of cod protein resulted in
improvements in insulin sensitivity com-
pared with other protein sources in a 4-
week crossover feeding trial of 19 insulin-
resistant study subjects (33). While we
lack measures of insulin resistance in the
current study, the women who were
overweight or obese at baseline would
have had a greater likelihood of insulin
resistance. In a crossover trial, lean fish
intake reduced postprandial concentra-
tions of C-peptide, lactate, and the
triglyceride–to–HDL cholesterol ratio in
healthy normoglycemic adults with mean
± SEM BMI 25.6 ± 0.7 kg/m2, indicating
lower risk of insulin resistance and type 2
diabetes (34,35). Subsequent metabolo-
mics analyses revealed that reduced C-
peptide levels were accompanied with
reduced acylcarnitines and 2PY levels in
urine, and improved mitochondrial func-
tion was suggested as a mechanism by
which intake of lean fish may preserve
insulin sensitivity (36).

Fatty fish is the major source of fat-
soluble POPs, such as dioxins and dl-
PCBs, that have been associated with
increased risk of type 2 diabetes (37).
Their presence in fatty fish has been
postulated to counteract the potentially
beneficial effects of marine nutrients
(38). Among First Nations populations in
Canada with a high prevalence of type
2 diabetes (24.4%), dietary PCBs intake
was positively associated with type 2
diabetes (odds ratio 1.07, 95% CI
1.004–1.27), whereas LCn-3PUFA intake,
adjusted for PCBs intake, showed an
inverse relation, against type 2 diabetes,
among older individuals (38). Impor-
tantly, obesity is a key risk factor for
type 2 diabetes and lipophilic POPs,
such as dioxins and dl-PCBs, which are
stored in adipose tissue. Increased body
burden of PCBs may result from increas-
ing adipose tissue mass (39), and a
recent human prospective study dem-
onstrated that BMI and possibly body
fat prior to study recruitment affected
the baseline levels of POPs and may
thus confound associations even in a
prospectively designed study (40). In
our cohort, the risk for type 2 diabetes
was not associated with intake of total
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fish, fatty fish, or LCn-3PUFA supple-
ments, and any potential detrimental
effect of POPs may have been out-
weighed by beneficial effects of nut-
rients present in lean fish. The beneficial
effects of fish are often related to the
LCn-3PUFA, mainly found in fatty fish
species. However, guidelines for fish
intake include both lean and fatty spe-
cies, and this study adds supporting evi-
dence that also lean fish (with relatively
lower LCn-3PUFA content) confer health
effects, although the mechanism is not
fully understood.

Strengths and Limitations
Strengths of this study include the large
population-based cohort design, ascertain-
ment of relevant prepregnancy risk factors

and pregnancy-related complications, and
the complete ascertainment of diabetes
medication usage in a mandatory nation-
wide register during an average 7.5-year
follow-up. Further, the MoBa cohort
included women with wide ranges of fish
consumption and socioeconomic status.
The FFQ was detailed enough to sepa-
rately evaluate types of fish and the FFQ
used has been validated.

This study has some limitations. As
the study is based on observational
data, we cannot rule out the possibility
of unmeasured confounders and causal-
ity cannot be inferred. Also, the study
provided no information on diagnostic
laboratory measurements, and given
the large percentage of missing infor-
mation on underlying indication for

medication treatment, there is a possi-
bility of misclassification in the outcome
type 2 diabetes. However, it is unlikely
that type 1 diabetes was included in the
outcome given our exclusion criteria.
Also, we could not identify nonpharma-
cologically treated type 2 diabetes,
which likely accounts for 25% of total
type 2 diabetes among women based
on a recent assessment in Norway (41).
Thus, our findings cannot be generalized
to milder forms of type 2 diabetes han-
dled by diet and exercise alone. Finally,
we cannot entirely rule out the possibil-
ity of gestational diabetes mellitus in a
subsequent pregnancy. However, given
that gestational diabetes mellitus and
type 2 diabetes share common risk fac-
tors and underlying aetiologies, the
combination of type 2 diabetes with
gestational diabetes mellitus cases in
our outcome variable is not problematic
for the purposes of the current study.
Another limitation is that FFQs are not
suitable for precise dietary intake esti-
mates. Still, FFQs are recognized for
their suitability for rank ordering of
study participants by dietary intakes for
epidemiological investigations.

Public Health Significance
In conclusion, in this large prospective
population-based cohort study including
women of childbearing age, we observed
an association between intake of lean
fish, but not of total fish, fatty fish, or
LCn-3PUFA supplements, and lower type
2 diabetes risk. In stratified analyses, a
lower risk of type 2 diabetes was seen
only among those with a prepregnancy
BMI $25 kg/m2. Fatty fish, which contain
dioxins and dl-PCBs, did not increase the
risk of type 2 diabetes, but the finding
that the majority of participants exceeded
the TWI for the sum of dioxins and
dl-PCBs is a health concern. Our results
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Figure 1—Forest plot showing the associations (HR and 95% CI) between quintiles of energy-adjusted
fish intake (g/1,000 kcal) and categories of LCn-3PUFA from supplements (g/day) and incident type 2
diabetes in 60,831 women with 683 type 2 diabetes events. Adjusted for energy intake, age, prepreg-
nancy BMI, gestational diabetes mellitus, gestational hypertension including preeclampsia, maternal
prepregnancy education and smoking, and dietary fiber. *Total fish includes lean and fatty fish (salt
and freshwater fish, fish-based spread), liver, roe, and shellfish. d, day.

Table 2—HRs (95% CIs) for incident type 2 diabetes by energy-adjusted fish intake and LCn-3PUFA from supplements for
60,831 women with 683 type 2 diabetes events

Model 1* Model 2† Model 3‡

Total fish§ (25 g/1,000 kcal) 0.86 (0.71–1.05); P 5 0.134 0.92 (0.76–1.11); P 5 0.373 0.91 (0.75–1.10); P 5 0.325

Lean fish (25 g/1,000 kcal) 0.67 (0.50–0.92); P 5 0.012 0.73 (0.54–0.98); P 5 0.035 0.71 (0.53–0.95); P 5 0.022

Fatty fish (25 g/1,000 kcal) 0.83 (0.58–1.18); P 5 0.291 0.93 (0.66–1.30); P 5 0.653 0.94 (0.67–1.32); P 5 0.704

LCn-3PUFA supplements (g/day) 0.95 (0.83–1.09); P 5 0.439 1.08 (0.95–1.23); P 5 0.263 1.08 (0.95–1.23); P 5 0.250

*Adjustment for energy intake and age. †Adjustment for energy intake, age, prepregnancy BMI, gestational diabetes mellitus, and gestational
hypertension including preeclampsia. ‡Adjustment for energy intake, age, prepregnancy BMI, gestational diabetes mellitus, gestational hyper-
tension including preeclampsia, maternal prepregnancy education and smoking, and dietary fiber. §Total fish includes lean and fatty fish (salt
and freshwater fish, fish-based spread), liver, roe, and shellfish.
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support the current dietary general advice
for regular fish consumption, especially
among those who are overweight or
obese and at high risk for type 2 diabe-
tes. Further research evaluating lean fish
intake in diverse study groups and popu-
lations and studies elucidating mecha-
nisms by which lean fish may be
protective are warranted. In addition,
research of relative tradeoffs between
lean and fatty fish and between lean fish
and other dietary constituents is needed.
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